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PREFACE

The primary purpose of this disaster survey has been to evaluate the performance of the
NWS in fulfilling its mission of providing timely warnings and accurate forecasts for
Hurricane Andrew. The responsibilities of NOAA, the parent agency of the NWS, are
broader. The NWS’ products and services are key to severe storm preparedness and the
mitigation of its impact: its SLOSH (Sea, Lake, and Overland Surges from Hurricanes)
models are used by emergency evacuation planners; its wind speed measurements are used
to develop building codes and to design buildings; and its warnings and forecasts are
instrumental to placing a timetable on implementing preparedness actions and response
efforts. But NOAA’s partnership role with states in managing the Nation’s coastal zone,
NOAA'’s trustee responsibility for marine resources, and other agencywide concerns compel
NOAA to step outside of the traditional NWS format in this preface to comment on Hurricane
Andrew’s consequences in south Florida and Louisiana.

NOAA and the NWS are dedicated to a continuing improvement in warnings and forecasts,
thereby allowing emergency management officials lead time to take lifesaving action. But,
if disastrous consequences are to be mitigated, the coastal zone and other areas at risk must
be managed in recognition of the awful threat to life and property that hurricanes pose.

Hurricanes, of course, are natural meteorological events. In the absence of people and their
property, hurricanes expend their force against marine and terrestrial ecosystems that adapt
to the storm’s destruction. People and their property, unfortunately, are not as resilient as
damaged ecosystems. Hurricanes frequently have caused significant loss of life and massive
damage to property and natural resources at tremendous cost both to public and private
sectors. Until the past 30 years, however, areas vulnerable to hurricanes have been
relatively undeveloped; vacation beach houses were "beach shacks” or "cottages," easily
rebuilt after a storm. Urban and suburban development was confined to relatively few areas,
often limited in its landward spread by wetlands.

The rush to the sun belt in the 1960s, 1970s, and 1980s fundamentally changed Coastal
Plains demographics. Beach cottages were replaced by million dollar dwellings, and
suburban and urban development became more extensive along the coast and extended much
further inland. Hurricanes Hugo and Andrew have been the most costly storms in history
largely because there is now more development in place to damage and destroy. Given
current development patterns and trends along the coast, we can anticipate both damages
and costs to increase with future storms. We would do well to heed the warnings that
population growth and land use practice in the Nation’s Coastal Plains have set a stage for
a series of hurricane disasters and associated economic consequences of unprecedented
proportions. For example:

® Populations have grown explosively in coastal areas over the past 30 years. This growth
has created the obvious logistical problems associated with warning and safely
transporting ever-increasing numbers of residents out of harm’s way or to adequate
shelters. This inordinate burden is leading to evacuation times in some areas of the
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country that are double the effective warning times that the National Hurricane Center
(NHC) can provide. There are other difficulties as well: there are significant coastal
populations which have not experienced a hurricane and may be less able to prepare for
one and respond properly before, during, and after the event. In urban and suburban
areas, even the best organized government response may be unable to meet needs for
shelter, food, and water.

® Development has been concentrated on barrier islands and in coastal flood plains. Such
development almost never relates to natural geographic or geomorphic limits of areas
vulnerable to hurricanes. In most places, infrastructure is designed and subdivisions are
approved without reference to the need to evacuate low-lying areas quickly. Coastal
construction setbacks, where they exist, often are inadequate to accommodate the storm
surge of a major hurricane. Structures employ architectural designs, materials, and
techniques that cannot withstand hurricanes. In booming communities vulnerable to
hurricanes, local building departments often are unable or unwilling to keep pace with
code enforcement—even if there is an adequate code to enforce.

® These problems are exacerbated by continued destruction of and interference with
natural protective features: beaches, dunes, tidal wetlands, mangroves, and the like.
Many state and local planners and emergency managers now understand the importance
of a healthy beach/dune system and maintaining it by limiting so-called "hard" erosion
control structures and following regular maintenance programs; many others do not.

Hurricane Hugo

In 1989, Hurricane Hugo foreshadowed the scale of hurricane disasters yet to come. After
dealing a serious blow to the Caribbean, including Puerto Rico and the Virgin Islands, the
major force of the storm hit the mainland United States at Cape Romain National Wildlife
Refuge, then Francis Marion National Forest before wreaking havoc for many miles inland.
Despite heavy damage to Charleston and its environs, the city largely was spared—at least
compared to the devastation it would have suffered had Hugo’s eye come ashore 20 miles
further south. The sight of once beautiful vacation homes reduced to wind and water-borne
debris along Charleston County’s barrier islands obscured the fact that Hugo’s wind effects
could have been far more significant had they struck a more populated area.

In the wind damage along the South Carolina coast, Hugo also provided a glimpse of building
code and engineering issues. Mpyrtle Beach was well north and east of the storm’s major
effects, but structures there that had been designed to withstand winds significantly greater
than those actually experienced performed poorly. Other areas suffered because South
Carolina had no statewide building code or hurricane resistance standards (and does not to
this day) or because local building codes were not enforced adequately. The almost complete
destruction of mobile homes in the path of the storm served notice once more that mobile
homes are no place to be during severe weather.
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Hurricane Andrew

Andrew defines the current problem: the majority of the damage was inland, outside of the
primary storm surge areas where emergency preparedness and response officials usually
focus their attention. Much of the coastal development in the past 30 years has been outside
hurricane surge zones but well within wind zones.

Although Andrew caused significant flooding damage immediately adjacent to the coast, wind
damage caused most of the devastation. Water, in the form of storm surge and flooding, still
poses the greatest threat to public health and safety as local authorities must be able to
evacuate the population at risk in time. After all, had the topography of Cutler Ridge not
impeded the storm surge, it would have affected areas much further inland. Still, Andrew
likely will prove the norm for future storms rather than the exception: winds will pose a very
significant threat to life and safety and cause a major percentage of property damage.

In densely populated areas, it is all but impossible to evacuate for wind. Forecasters cannot
yet predict wind fields accurately, and the large numbers of residents that would need to be
evacuated to ensure an adequate margin of safety would overwhelm roads and shelters
almost immediately. On the other hand, given extensive development in vulnerable areas
inland, no longer can public officials afford to perceive hurricanes as merely flood/storm surge
events. Instead, emergency preparedness officials and land use planners must consider
hurricanes as much broader "wind/flood/storm surge" events affecting areas many miles
inland. New approaches and building codes must be developed to protect the public. All of
Florida, for example, must be considered vulnerable to the effects of hurricanes, regardless
of how far from the coast. All of its communities should implement hurricane preparedness
and mitigation policies.

Land Use Management

Advances in technology may improve long-range forecasting, and Weather Surveillance
Radar-1988 Doppler (WSR-88D) is helping to improve short-term warning and forecasting,
but it is unlikely that lead times can be increased significantly in the near future. Current
lead times cannot provide enough warning in many heavily populated areas to evacuate
threatened residents effectively.

NWS warning capabilities are only one side of the equation for reducing threats both to
public health and safety and to property. The other side is state and local government
actions that control development in hurricane-prone areas and plan for and carry out
evacuations. Redefined as wind/flood/storm surge events, hurricanes present state and local
planners with five areas of focus in addition to ongoing efforts.

¢ FEmergency planners’ primary priority must be to evacuate residents at risk from storm
surge and other types of flooding, regardless of the extent of a hurricane’s potential wind
damage. These residents remain the most vulnerable to hurricanes. Planners must
continue to reduce evacuation times in areas vulnerable to flooding from storm surge.
In regions where development densities and patterns have outstripped the capacity of
the area’s infrastructure to handle evacuations, the best that can be hoped for is to



minimize the number of residents in surge areas when the storm hits and to provide
refuges of last resort.

® Officials need to ensure that adequate building codes are in place and that they are
vigorously enforced. Building codes in coastal areas nationwide should be revised based
on the Andrew experience. Because many structures were destroyed when door or
window failures allowed wind pressure to demolish roofs from the interior, codes need
to emphasize appropriate door and window storm covers. Even areas well inland must
have hurricane resistance codes. Such codes should be enforced throughout the State of
Florida.

® Regulations should be promulgated to require that new structures contain "hardened"
interior rooms to provide in-place hurricane shelters and require that, at a minimum,
mobile home parks have hardened sheltering for all residents.

® State and local officials need to devise programs to retrofit existing buildings to provide
in-place hardened sheltering and to bring substandard housing into compliance with a
hurricane-resistant code.

® State and local officials need to revise land use planning, subdivision approval, and
permitting processes to consider the potential effects of severe storms.

Hurricane Andrew has given lessons to NOAA, too. For its part, in addition to continuing
to improve NWS warning and forecasting capabilities, NOAA will continue to work to make
Federal hurricane preparation and mitigation programs consistent. NOAA programs, with
relevance to coastal hazards mitigation, must work together more closely to provide better
services to state and other Federal agencies. As a beginning, the National Ocean Service
(NOS) currently is working to develop a response plan to provide needed immediate and
longer term products and services to states after coastal disasters. NOS also is developing
new protocols consistent with the Federal Response Plan. Finally, NOAA will seek
improvements both in its support for state coastal management programs and in the
programs themselves.

To address the frightening potential consequences of increased hurricane activity, NOAA
seeks a new partnership with states. State and local governments, through natural resource
agencies, boards, and building inspectors, must work in collaboration with insurance
companies, building industries, and other private sector groups to minimize the general
population’s exposure to the threats of hurricanes.
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FOREWORD

This report on Hurricane Andrew was prepared by the DST after weeks of interviews and
visits to the damaged areas with Federal, state, and local officials in Florida and Louisiana.
Significant input also was provided by citizens in the affected areas.

The DST is particularly grateful to the NOAA employees in the affected areas for their
assistance, despite the extreme hardship endured by so many of the NOAA family. We are
grateful to the state and local officials and representatives of relief agencies who took time
from urgent duties to provide their impressions of the events during and after the storm’s
onslaught. We deeply appreciate the willingness of many citizens who shared their
experiences with the DST, despite the complete devastation of all their worldly possessions.

We commend the dedication and professionalism displayed by the NOAA staff as well as
other Federal, state, and local employees who remained at their post under the most extreme
of conditions, putting the public welfare ahead of their own safety. While this document is
not intended to chronicle the entire history of the storm and its aftermath, it assesses
NOAA'’s performance and recommends where improvements are needed.

We acknowledge, with admiration and gratitude, the many people whose individual and

collective efforts saved the lives of their fellow human beings. To all whose participation
made the response to Hurricane Andrew an overwhelming success, thank you.

The Disaster Survey Team
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EXECUTIVE SUMMARY

The tropical disturbance that grew into Hurricane Andrew developed in the central tropical
Atlantic Ocean on August 16, 1992. Eventually a category 4 storm on the Saffir-Simpson
Scale, Andrew went on to inflict more dollar damage than any natural disaster in United
States history. Upon its Florida landfall at 5 AM Eastern Daylight Time (EDT) on August
24, wind from Andrew was a sustained 145 mph with gusts over 175 mph. Over a narrow
area, the storm surge reached more than 14 feet, with storm tides attaining nearly 17 feet
(storm tides comprise the sum of storm surge and astronomical tides).

Andrew traversed south Florida and entered the Gulf of Mexico just 4 hours after impacting
the east coast of Florida. After weakening to a category 3 over land, the storm quickly
reintensified to a category 4 as it moved across the gulf. Prior to its landfall in Louisiana at
4:30 AM EDT on August 26, Andrew again weakened to a category 3. Its maximum
sustained winds in Louisiana were estimated at 120 mph with higher gusts.

The devastation left in Andrew’s wake over south Florida was immense. Total damage
estimates of about $25 billion cannot convey the profound impact of the storm. According to
insurance industry leaders, the total economic impact of Andrew will reach $35-40 billion by
1995. Moreover, the fabric of organized society was shredded in south Dade County, Florida.
A total of 126,000 houses were destroyed or damaged and 9,000 mobile homes were
destroyed. Andrew left at least 160,000 people homeless in Dade County alone. Perhaps
years will be required to rebuild the original infrastructure. The municipal electric power
grid in Homestead and Florida City was destroyed. Banking, and therefore much of society’s
ability to function, came to a halt. Businesses were unable to reopen because their employees
were homeless and struggling to shelter, clothe, and feed themselves and their families. A
total of 86,000 people lost their jobs. The National Guard provided tent cities and the
essentials to live, but many chose to remain in what was left of their homes for fear of
looting.

The damage from Andrew across Louisiana was overshadowed by what occurred in south
Florida, but the storm still had a profound effect. Damages from Andrew in Louisiana are
estimated to exceed $1 billion. Some small businesses were lost and many suffered some
damage. Much of the estimated losses were insured: about 3,300 single family, multifamily,
and mobile homes were destroyed. Over 18,000 units received some damage. As in south
Florida, the National Guard quickly took control, protecting the hardest hit areas from
looting. The storm’s effect on Louisiana public utilities was minimal. Quick action by local
and Louisiana state officials promoted both a rapid response to the disaster and immediate
launching of a coordinated recovery effort.

Despite the severe physical damages and crippling monetary losses, human casualties were
surprisingly few. In Florida, 15 deaths were directly attributed to the storm, with another
29 fatalities indirectly related. Those indirect fatalities were caused by electrocutions,
cleanup accidents, fires, and other incidents associated with recovery. In Louisiana, 8 direct
and 9 indirect fatalities occurred. Indirect fatality totals depend on the broadness of
definition and vary greatly. For example, one major newspaper reported 85 indirect south
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Florida fatalities. Those numbers include persons killed in motor vehicle accidents where a
stop sign was down due to Andrew. The number of indirect fatalities the disaster survey
team uses (29 in south Florida and 9 in Louisiana) are those for which the county medical
examiner or parish coroner determined the storm to be a contributing factor.

Even before the Presidential Declaration of Disaster, NOAA/NWS assembled a Disaster
Survey Team. The DST was responsible for assessing the performance of NOAA and the
hazards community prior to and during the hurricane. The hazards community consists of
all Federal, state, and local governmental entities, as well as the mass media and volunteer
organizations, involved in the distribution and dissemination of weather information for the
protection of life and property. Following the assessment, the DST was responsible for
providing any necessary recommendations for improvements.

The DST found that NOAA performed exceptionally well both prior to and during Hurricane
Andrew. The hurricane forecast track error was 30 percent less than average. Lead times
on hurricane watches and warnings were 3 to 6 hours better than average. Hurricane
watches were issued with 36 hours of lead time in south Florida and 43 hours in Louisiana.
Hurricane warnings were issued with 21 hours lead time in south Florida and 36 hours in
Louisiana. Throughout the event, NWS personnel, despite enormous personal hardship,
supplied timely, high quality information to the public via NOAA Weather Radio (NWR),
NOAA Weather Wire Service NWWS), direct links with emergency management, and the
mass media. To assure this flow of vital information, contingency plans were activated for
backup of the NHC and for the Weather Service Forecast Office (WSFO) at Miami should
they have become unable to function. Those plans were not needed for the NHC, but WSFO
Atlanta and Weather Service Offices (WSO) at Tampa Bay and West Palm Beach provided
forecasting issuance and backup warnings, respectively, for WSFO Miami.

State, county/parish, and local emergency management agencies, working in concert with law
enforcement and based on information supplied by the NWS, coordinated some of the largest
evacuations in United States history. In south Florida, as well as Louisiana, literally
hundreds of thousands of people left their homes.

The DST found that the collection and dissemination of information, through appropriate
warnings and statements, need improvement. In particular, hurricane local statements
(HLS) need to be shortened and reorganized to provide more timely and specific information
pertaining to the local area. The DST found also that WSOs and WSFOs need to address
storm-scale events occurring within hurricanes by using appropriate severe weather warnings
and statements, including tornado warnings. Additionally, Andrew re-emphasized the need
for improvement in hurricane intensity forecasting. Finally, the DST found that wind, not
storm surge, was the major cause of direct deaths in Andrew. Still, these statistics need to
be kept in perspective: 12 of the 15 deaths directly attributed to Andrew in Florida were
caused by wind as compared to the potential for hundreds of fatalities that could have
occurred from storm surge. The reality is that evacuation from wind would involve far too
many people to be accomplished; alternative shelter may be necessary.



SUMMARY OF
FINDINGS AND RECOMMENDATIONS

PART 1
Chapter I.B

Finding I.B.1: The NHC is charged with a national focus on hurricane readiness, but it
dominates the NWS hurricane preparedness program in south Florida.

Recommendation 1.B.1: The NWS should staff WSFO Miami with a Warning Coordination
Meteorologist (WCM) as soon as possible to enhance the WSFO’s preparedness/hazard
awareness program.

Finding I.B.2: This was the first time that the NHC (and the collocated WSFO Miami)
facility had been directly affected by a major hurricane. The impact of Andrew proved the
vulnerability of NHC to the effects of extreme wind.

Recommendation I.B.2: Better protected, self-contained facilities should be provided to the
NHC and all NWS coastal offices. This is even more critical to National Centers, such as
NHC, for which full backup procedures are extremely difficult to implement.

Finding I.B.3: Hurricane Andrew was characterized by devastating effects of strong inland
winds in addition to powerful storm surges. The devastation that eventually occurred over
south Florida heightened the awareness in other vulnerable areas to the significant inland
wind damage which can accompany a hurricane.

Recommendation I.B.3: The NWS should provide technical assistance for a much more
concerted preparedness and awareness effort by state and local emergency management and
such other cognizant organizations as state coastal zone management agencies in areas of
high vulnerability.

Finding I.B.4: Since the lead time for evacuation may be no more than 24 hours, it may not
be practical or even possible to evacuate all inland residents in the path of a hurricane
eyewall.

Recommendation 1.B.4: The NWS should work with FEMA, state, and local emergency
planners in exploring the potential of developing a "refuge of last resort" methodology, as
appropriate, for occasions when critical saturation points are reached in the flow of
evacuation traffic.
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Chapter 1.C

Finding 1.C.1: The detailing of two hurricane specialists to the National Meteorological
Center (NMC) is not sufficient to provide adequate continuous backup to NHC operations.

Recommendation I.C.1: The NWS should adopt a plan that would increase the number
of forecasters capable of acting as hurricane specialists during an emergency brought on by
a hurricane threatening NHC. There must be adequate staffing at both NHC and the backup
site. One plan would be to provide hurricane forecast training to a select group of forecasters,
possibly from NMC, who could fly to NHC as replacements for hurricane specialists
dispatched to staff the backup center.

Finding 1.C.2: When NHC staff is drawn down to implement the backup at NMC,
insufficient staff remains at NHC to handle advisories of multiple tropical cyclones properly.

Recommendation I.C.2: See Recommendation 1.C.1.

Finding 1.C.3: Facilities for interacting with the media are very limited at NMC.

Recommendation I.C.3: The NMC should formulate a plan for handling the extensive
interactions with the media that are required when a hurricane is threatening the United
States coastline. Since NMC is the logical site for the backup forecast center, plans should
be made to accommodate the large number of media personnel who will descend upon the
backup center, especially if it is required to take over the primary forecast mission.

Chapter LD

Finding I.D.1: NHC watch and warning lead times during Hurricane Andrew were longer
than average for landfalling hurricanes. That extra margin of safety was at least partially
responsible for allowing hundreds of thousands of people to evacuate safely from south
Florida.

Recommendation I.D.1: NOAA and the NWS should work toward increasing watch/
warning lead times by supporting efforts to enhance our understanding of tropical systems,
improving numerical models, providing greater data availability to feed the models, and
enhancing operational forecast methodologies. A significant step in this direction would be
the collocation of the Environmental Research Laboratory’s Hurricane Research Division
(HRD) with NHC to allow for the synergism of research and operations.

Finding I.D.2: HLSs from WSO/WSFOs tend to be too lengthy, too infrequent, tend to
reiterate NHC advisories too much, and tend not to include enough specific information about
local conditions.

Recommendation 1.D.2: The NWS should explore options to make HLSs more effective.
This should include use of the "Short Term Forecast” concept and its relationship to HLSs
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and hurricane advisories. Furthermore, coastal offices should re-evaluate the manner in
which data are collected and used to create HLS products. Emphasis should be made on use
of on-station software, emergency management information, and remote sensing data to
create a highly specific, current product.

Chapter LLE

Finding I.LE.1: Concern was expressed by two emergency managers over the tone set by
NHC on Friday afternoon when a "Have a good weekend...tune back in on Sunday or
Monday" message was given to emergency management. Some officials felt that message
could have promoted a less-than-serious attitude and that it could have caused them not to
pay close attention to storm information during the weekend.

Recommendation I.LE.1: Although NHC is extremely concerned about how information is
presented, care must continue to be exercised not to send unintended messages.

Finding I.E.2: Many coastal emergency managers do not understand the scientific reasoning
involved in designating hurricane watch and warning areas. They want to evacuate either
all or none of their coastal surge vulnerable area rather than parts of counties.

Recommendation I.E.2: There needs to be better dialogue between NHC and emergency
management involving the designation of hurricane watch and warning areas. Conference
calls following or preceding a watch or warning issuance always should contain a thorough
explanation for the choice of the end points of the areas. NHC also should explore the
feasibility of including this information in the tropical cyclone discussions. Courses offered
at NHC for emergency managers should include a segment on the subject of designating
watch and warning areas.

Finding I.LE.3: One critical aspect of hurricane forecasting—the intensification of storms—
lags far behind the balance of the science. SHIFOR, the computer model used to forecast
hurricane intensification, is old and ineffective. It does a poor job of handling rapid
intensification.

Recommendation I.LE.3: NHC, NMC, and HRD should redouble their efforts to develop
models and operational techniques to forecast tropical cyclone intensity changes more
effectively. In turn, NOAA should support research efforts at understanding and predicting
cyclone intensity changes.

Finding I.E.4: Some emergency managers could have made greater use of hurricane strike
probabilities and personal computer (PC) software in their decision-making process.

Recommendation I.LE.4: Emergency management needs to use all the tools available to
them to provide information for their decision-making processes, including PC-based software
specifically designed for that purpose. The NWS should work with FEMA to support more




workshops for coastal emergency managers. This should include instructions on how to use
these tools effectively.

Finding I.E.5: As a result of increased anxiety caused by Hurricane Andrew, many south
Florida residents indicated they would evacuate for future major hurricanes. Indeed, if this
was the case, evacuation times for a category 4 or 5 hurricane striking the Florida Keys
would increase from the pre-Andrew level of 37 hours to 70-80 hours, depending on the
percentage of residents evacuating.

Recommendation I.LE.5: NWS and FEMA should work in concert to develop response
options as outlined in Recommendations [.B.4 and I.F.2.

Finding 1.E.8: The link between the NWS, emergency management, and the broadcast
media is critical to any community warning system. A partnership developed to coordinate
NHC information through a broadcast "pool" enabled a large number of media outlets to
receive broadcast footage from NHC without crowding the facility and compromising the
operational setting.

Recommendation 1.E.6: NWS should support development of similar broadcast pools at
local offices along the hurricane-prone coasts, as well as at NMC, should backup for NHC be
required.

Finding I.E.7: Television meteorologists were instrumental in encouraging evacuation from
the threatened areas. Many of the television broadcasts were simulcast on AM and FM radio.
This was particularly useful since many residents received lifesaving advice through their
battery-operated radios when television transmitters were knocked off the air.

Recommendation LE.7: NWS offices along hurricane-threatened areas should continue to
encourage proactive, weather-conscious media who will provide that essential link with the
public to convey lifesaving information.

Finding LE.8: Efforts of the NWS, in conjunction with state and local emergency
management and the news media, resulted in clear and motivating messages to the general
public. Those messages resulted in a superb public response, except for some residents of
Miami Beach, and may have saved countless lives.

Recommendation I.E.8: NHC and WSFO Miami should work with the local media to
target those populations in Miami Beach where the response was deficient.




Chapter L.F

Finding 1.F.1: NHC and NWS representatives, when making a case for refuges of last
resort, may have contributed unintentionally to the problem of public resistance to evacuation
by stressing the danger of being caught trying to evacuate.

Recommendation LF.1: NWS and NHC representatives need to stress to the public the
importance of referring to appropriate state and local emergency management directives
about evacuation orders.

Finding LF.2: If residents of the hard hit Naranja Lakes area had not evacuated because
of the storm surge threat, more deaths likely would have resulted from the effects of wind.

Recommendation I.F.2: Since in many cases evacuation is not a viable option, the NWS
and the Federal Emergency Management Agency (FEMA) should work together to encourage
the concept of engineered in-residence shelters to protect from severe wind without invoking
evacuation procedures.

Finding I.F.3: Many residents whose houses began to disintegrate during the storm
followed "tornado safety rules" and went to the interior part of their house away from
windows and outside walls.

Recommendation LLF.3: NWS and emergency management agencies should make "tornado
safety rules" a standard component of hurricane awareness efforts, especially for strong
storms. The public also should be better educated about the kinds of construction and
building designs which are most vulnerable in strong hurricanes.

Chapter 1.G

Finding 1.G.1: Small errors in the track forecast produced by the Aviation Model were
impressive for this small sample of forecasts.

Recommendation 1.G.1: NOAA should continue to support development of such models.
In order to use these models most effectively, methods need to be explored to gather better
data in and around tropical cyclones. The Omega dropwinsonde experiment should be
conducted to evaluate the potential of this capability.

Finding I.G.2: The storm surge impacted a relatively small area of coastline, but the
SLOSH model accurately depicted the surge in south Florida.

Recommendation I.G.2: Refinements to the SLOSH model should continue. Also, training
of NWS offices and emergency managers in its use should be emphasized. The SLOSH model
should be validated in cooperation with the NOS/Office of Ocean and Earth Sciences (OES)
and others to further continued improvements in the model. A greater effort should be made




to document its physics and the validation efforts that justify its use. NOS should assist with
such a documentation.

Finding 1.G.3: On-station computers at WSOs and WSFOs are inadequate to run storm
surge and applications programs.

Recommendation 1I.G.3: Coastal NWS offices should be provided sufficient PC hardware
and software to display SLOSH MEOW (Maximum Envelop of Water) data as well as to run
surge applications and hurricane decision-making programs. The Advanced Weather
Interactive Processing System (AWIPS), under development for future NWS Weather
Forecast Offices, should be able to support these programs.

Chapter LH

Finding I.H.1: Despite the extensive commercial media coverage of Andrew, both the
NWWS and NWR were well received and were utilized as official and timely sources of NWS
information regarding the event.

Recommendation 1.H.1: The NWS should continue strong encouragement of the
widespread use of NWWS and NWR as official sources of NWS information. High priority
should be placed on planned NWR upgrades and more wind-resistant transmitters, featuring
voice synthesis, to improve the quality and efficiency of NWR dissemination during major
weather events. The NWS should develop partnerships with FEMA and other organizations
to increase NWR coverage as well as the broadcasting of critical pre- and post-event
information.

Finding LH.2: NHC made effective use of the Florida National Warning System (NAWAS)
circuit to communicate with Florida emergency managers and Florida WSOs on important
hurricane information.

Recommendation 1.H.2: FEMA, NWS, and state emergency management offices should
develop procedures to use the national NAWAS circuit for multistate conference calls so that
NHC can brief all appropriate emergency management officials on the network during a
hurricane threat.

Finding I.LH.3: Excessive heat build-up contributed to the failure of the IBM mainframe
computer at the NHC during the hurricane. This was the most serious communications
failure at NHC because of the IBM’s role in driving the McIDAS VDUC, a principal source
of interactive satellite data for the NHC staff. In addition, other important circuits failed
which depended on the IBM.

Recommendation LLH.8: The NWS should install a stand-alone air-conditioning system for
the NHC independent of leased commercial facilities. This would greatly minimize the
heating problem of critical communications and computer equipment.
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Chapter LI

Finding 1.1.1: Satellite imagery is the only source of information over data-sparse oceans,
except for ships which generally avoid rough weather.

Recommendation 1.I.1: NOAA must make every effort to ensure that the GOES-Next
(Geostationary Operational Environmental Satellite-Next Generation Satellite) program
remains on schedule. Meanwhile, No-GOES plans need to be tested routinely.

Finding 1.I.2: Aircraft reconnaissance is a necessary and vital tool for measuring storm
intensity, for defining wind fields, and for calibrating satellite estimates of storm intensity.
However, the current airframes are aging and provide limited range and performance
characteristics.

Recommendation LI.2: Aircraft reconnaissance of tropical cyclones must continue. In
order to provide high quality data on the storm and its environment, NOAA should explore
cost-effective options on future sensors and airframes. This must be done now if we are to
make effective use of next generation models for tropical cyclone intensity and track
forecasting.

Finding I.I.3: The precision, range, and refinement offered by the WSR-88D allowed for
precise location not only of the eye but also, long before landfall, of stronger elements in the
spiral bands. The ability of the WSO at Melbourne to observe and report on these small but
significant features enabled them to allay public fears about a potentially approaching
hurricane.

Recommendation L.1.3: Efforts by the NWS, the Federal Aviation Administration (FAA),
and the Department of Defense (DOD) to deploy the WSR-88D nationwide must continue.
In addition, NOAA needs to assure staffing of its NWS Doppler radar equipped offices with
properly trained personnel in order to take best advantage of this powerful data source.

Finding I.I.4: Wind observations are taken at varying heights and with different sampling
strategies, making the determination of winds during a severe storm difficult to assess.

Recommendation I.I.4: The Office of the Federal Coordinator for Meteorology should
continue to work with the various Federal agencies to ensure that wind observation
adjustments are standardized for height and sampling interval variations to ensure
consistency of data.

Finding L.1.5: Many wind observation sites failed not because of a failure of the instrument
but because of the manner in which the support hardware was constructed and assembled.

Recommendation I.LI.5: The NWS and FAA need to inventory their F420 anemometer
installations in hurricane-threatened areas. The NWS and FAA should consider retrofitting
suspect F420 sites with a locking cross arm prior to the 1994 hurricane season. Furthermore,
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the NWS Automatic Surface Observing System (ASOS) program office should investigate the
potential for failures in the ASOS wind mast and sensors during high wind episodes.

Finding I.1.6: Valuable wind and pressure observations were lost when the data-gathering
systems were powered down or removed before Andrew’s landfall.

Recommendation I.1.6: Agencies with meteorological data-gathering equipment in the path
of a hurricane should be encouraged to continue the data collection process throughout the
event.

PART 11
Chapter I1.B

Finding II.B.1: There is an insufficient supply of safety and preparedness materials in
support of NWS field offices, local emergency preparedness officials, and the public.

Recommendation IL.B.1: NOAA and the Department of Commerce should increase their
support for developing, printing, and distributing high quality preparedness and awareness
materials. Present cooperative efforts with other agencies and the private sector to develop
and distribute awareness and preparedness materials should be increased.

Finding I1.B.2: The local print media is more reactive in community preparedness than
proactive. Historically, in south Louisiana, the print media has not actively participated in
preseason hurricane preparedness efforts, such as awareness campaigns. On the other hand,
during the 72 hours prior to Andrew, they were extremely effective in providing their
readership with detailed preparedness information.

Recommendation I1.B.2: NWS offices in south Louisiana need to develop stronger
cooperative relationships with the print media to enhance their involvement in the hazards
awareness and mitigation program.

Finding IL.B.3: Local emergency managers in south Louisiana were very proactive, taking
the early initiative in dealing with Hurricane Andrew.

Recommendation IL.B.3: The NWS must continue working closely with local emergency
managers to ensure that together they promote a unified awareness program which elicits
the desired public response.
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Chapter II.D

Finding ILD.1: Users of NWS products would like more specific, technical information to
assist them in their decision-making process.

Recommendation ILI.D.1: The NHC should work with users to define what additional
information is required and to develop a means of communicating that information to them.

Finding I1.D.2: Hurricane local statements were too closely tied to the issuance of hurricane
advisories. As a result, the dissemination of critical information concerning tornadic events
was delayed.

Recommendation II.D.2: The issuance of hurricane local statements should be event
driven, rather than tied exclusively to routine NHC issuances.

Finding IL.D.3: During the peak period of tornado activity, several reports of tornadoes
were highlighted in the HLSs. One of these reports proved to be erroneous. Rather than
issue a corrected HLS, the WSFO issued a special weather statement to acknowledge the
error. This could have caused confusion and loss of precious time for users during a period
of rapidly changing events.

Recommendation I1.D.3: NWS field offices should follow established NWS formats for
issuing corrections.

Chapter ILE

Finding ILLE.1: FEMA/NWS-sponsored Hurricane Response and Decision-making
Workshops are conducted only a few times each year. These workshops are incapable of
reaching sufficient numbers of emergency officials. This limits the effectiveness of the
hurricane preparedness program.

Recommendation ILLE.1: FEMA and the NWS should increase the number of annual
hurricane workshops to train coastal emergency management officials.

Finding II.LE.2: Due to the close proximity of the WSFO, an agreement with the city allows
for a dedicated meteorologist to be dispatched from the WSFO to the local Emergency
Operations Center (EOC) during hurricane events which may threaten the city.

Recommendation ILE.2: Appropriate NWS staff should be dedicated to work with
emergency management officials during major hazardous weather events.

Finding II.LE.3: Formal evacuation clearance studies for southwest Louisiana have yet to
be completed.




Recommendation ILE.3: FEMA and the USACE, with NWS support, should accelerate
their efforts to complete evacuation studies for all hurricane-prone coastal areas.

Finding 11.E4: In general, coastal residents know that they have a potential storm surge
problem. However, in some highly populated areas, such as Greater New Orleans, there are
preliminary evacuation studies but no proven orderly plan for the safe and timely evacuation
of the entire metropolitan area. Furthermore, the scope of these studies does not address
regional complications which can compromise orderly evacuation.

Recommendation II.LE.4: FEMA, in concert with the NWS, should ensure the completion
of local evacuation studies and integrate them into a comprehensive regional evacuation plan.

Finding IL.E.5: The emergency management community of southeast Louisiana felt strongly
that the fear of looting was partially responsible for a smaller than expected number of
evacuees.

Recommendation II.E.5: Local governments, with NWS and FEMA assistance, need to
educate residents to alleviate these inaccurate perceptions.

Finding II.E.6: There were a few instances where one local television station presented
forecast track scenarios that conflicted with official NHC forecasts. That caused some
problems for local parish and NWS officials.

Recommendation IL.E.6: The local NWS offices in Louisiana should make a renewed effort
to impress upon the local media that providing consistent information to the public is critical
during emergency situations.

Chapter ILF

Findihg ILF.1: Many southeast Louisiana residents did not understand the full extent of
danger from storm surge.

Recommendation IL.F.1: The NWS needs to work more closely with FEMA, as well as
state and local officials, to develop more effective preparedness information about storm
surge. Presentations tailored to local areas could provide information about situations to
which residents could better relate.

Finding IL.F.2: Some south Louisiana residents interviewed commented that they had
evacuated highly vulnerable areas only to find themselves threatened by other hurricane
dangers.

Recommendation ILF.2: The NWS, in concert with local emergency management officials,
should ensure that evacuation studies are up to date and accurate. Given widespread
distribution, the results of these studies can direct the public to appropriate shelter.
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Finding ILF.3: Despite the efforts of the NWS and state and local emergency managers,
not all residents heeded the various evacuation requests even though their lives may have
been in jeopardy had the storm made landfall further east along the Louisiana coast.

Recommendation IL.F.3: The NWS and FEMA need to increase their efforts to educate and
train the public. Each agency needs to consider expanding their training capabilities to
overcome the public’s denial of the threat from hurricanes.

Finding IL.LF.4: Some residents of Greater New Orleans who evacuated and later returned
to their homes felt that local officials overreacted in their evacuation recommendations,
especially since Andrew made landfall further west than projected.

Recommendation II.LF.4: The NWS needs to work closely with the emergency management
community in convincing this most skeptical segment of the population that the advantages
of evacuating far outweigh the disadvantages of remaining in place.

Chapter I1.G

Finding I1.G.1: WSFO Slidell, being collocated with the Lower Mississippi River Forecast
Center (LMRFC), had access to RFC PCs and was able to run SLOSH MEOW and other

hurricane decision-making applications.

Recommendation II.G.1: See Recommendation 1.G.3.

Chapter ILH

Finding IL.LH.1: The Universal Generic Codes (UGC) were incorrectly entered in several of
the products disseminated by south Louisiana offices.

Recommendation II.LH.1: NWS offices should perform more on-the-spot quality control of
products prior to their public release. The use of software, such as version 6.0 of SRWarn,
would help eliminate many of these errors.

Finding II.H.2: Currently, not all coastal WSOs have access to the hurricane hotline.

Recommendation I1.H.2: NOAA needs to expand the hurricane hotline to all coastal WSOs
in hurricane vulnerable areas.

Finding II.LH.3: The use of Army MARS (Military Affiliate Radio System) within the
Louisiana emergency communications system was very successful.

Recommendation IL.LH.3: The NWS and FEMA need to coordinate with Army MARS to
ensure that these capabilities can be extended to other locations.
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Finding I1.H.4: The State of Louisiana, Division of Emergency Management, currently does
not have a fully automated information redistribution system.

Recommendation I1.H.4: The NWS and FEMA should encourage the State of Louisiana
to explore options for providing a fully automated communications system to law enforcement
agencies and local emergency operating centers. Once in place, the NWS should arrange to
link with that system allowing two-way communication of critical warning information
between the NWS and the emergency management community.

Chapter ILI

Finding II.I.1: The U.S. Coast Guard (USCG) has decided to remove all large navigational
buoys and replace them with other, smaller types of buoys. The replacement buoys are too
small to be fitted with meteorological instruments. Loss of the current buoys, in the near
future, will mean the loss of hourly data from stations along the Atlantic and Gulf of Mexico
coasts.

Recommendation IL.LI.1: The NWS, through its National Data Buoy Center, should ensure
that sufficient capabilities are present to maintain hourly observations along the Atlantic and
Gulf of Mexico coastal waters.

Finding IL.L.2: The implementation of service maintenance fees has resulted in the removal
of meteorological equipment from gulf oil platforms, and a significant loss of data has
occurred.

Recommendation ILL.2: NOAA must review its position on charging oil platforms a service
fee to maintain meteorological equipment.

Finding IL.L3: Although Andrew did not move into WSO Houston’s effective Doppler range,
the WSR-88D radar did provide extremely detailed reflectivity data on the storm.

Recommendation 11.1.3: See Recommendation 1.1.3.
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This tranquil scene was taken at Sewell Park in Florida located on the mouth
of the Miami River on a normal day.

This is Sewell Park just after daybreak on August 24—water is still elevated.
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Aerial photo of the marina "Gables by the Sea" located near Gables Estates,
Florida. Numerous boats were forced ashore by the 9- to 16-ft storm surge.



HURRICANE ANDREW:
THE EVENT AND ITS IMPACT

The intense winds accompanying Hurricane Andrew caused massive damage in southern
Dade County and rendered it the costliest storm in United States history. The mind-
numbing statistics of Andrew include 126,000 single family houses destroyed or damaged and
9,000 mobile homes destroyed. Officials ordered entire complexes bulldozed because there
were no salvageable structures. Mobile home parks were cleared to make room for temporary
housing. Andrew left 160,000 people homeless in Dade County alone. A total of 86,000
residents lost jobs, many permanently. Still, Florida was spared from an even larger
disaster. Andrew was a compact, fast-moving, relatively dry storm. Had it been larger,
slower, or carried more rain, its consequences would have been even more devastating.
Further, and more significantly, Andrew’s track minimized the damage to Dade County.
Had the eye of the storm crossed the coast just 10 miles further to the north, it would have
devastated downtown Miami, probably causing greater loss of life and tens of billions of
dollars more in property damage. Andrew would have affected not only south Florida but the
global economy since Miami is a very prominent world banking center.

Andrew was the third strongest landfalling hurricane in the United States this century. The
estimated central pressure at landfall in Florida was 922 millibars (mb). The storm was
classified at the upper threshold of category 4 on the Saffir-Simpson intensity scale (see -
appendix G). After raking Dade County, Andrew continued rapidly westward across south
Florida and remained an intense storm as it traversed the Gulf of Mexico. Coincident with
its landfall in Louisiana, it caused further significant damage. Although lives were lost both
in Florida and Louisiana, the number of deaths was small considering the magnitude of
destruction to property. That low number of fatalities was due partially to accurate forecasts
and effective preparations and partially to the limited effect of storm surge. In Florida, 15
deaths are directly attributable to Andrew (29 indirect, including post-event electrocutions,
cleanup accidents, heart attacks, and the like). In Louisiana, 8 fatalities are directly related
to the storm and another 9 indirect.

In Louisiana, preliminary data for the 36-parish disaster area indicated that 3,301 single,
multifamily, and mobile homes were destroyed, and 18,247 units received major or minor
damages. Data compiled by a consortium of state agencies and groups with specific
responsibilities in agriculture indicated that estimated agricultural losses would exceed $288
million. Sugarcane yield losses were estimated at $128.4 million, cotton losses at $68.2
million, and forestry-related losses at $38.6 million. The consortium also estimated losses
of $13.2 million for the soybean crop, $12.7 million for corn, and $9.1 million for rice.

History of the Storm
Andrew formed from a tropical wave that moved off the African coast on August 14, 1992.

The "best track" analysis of the storm’s track is shown in figure 1. ("Best track" is a term
used by the NHC to describe the closest post-event approximation possible on the track of a
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Figure 1 — Best track positions for Hurricane Andrew.



tropical system, based on satellite imagery, surface and ship observations, and any other data
available.) Since the system was still outside of air reconnaissance range, satellite imagery
was used exclusively to monitor the movement and structural changes to the developing
system. By 2 PM EDT on August 16, the system had developed spiral cloud bands with wind
speed estimated at 30 knots (34 miles per hour [mph]). The best track analysis indicates that
the storm became a tropical depression at about that time.

On August 17, Andrew was classified as a tropical storm. It moved along a west-
northwesterly track until August 22. The storm formed and intensified in an environment
of weak easterly vertical wind shear. Large-scale processes that lead to tropical cyclogenesis
are not well understood, but both observational and numerical modelling studies consistently
show that cyclones can form and intensify readily in conditions of weak vertical shear, or
sometimes in regions of moderate easterly shear. However, significant westerly shear over
the top of a tropical cyclone is usually unfavorable for intensification or even maintenance
of the storm.

During August 19-20, Andrew moved into a region with strong upper-level southwesterly
winds associated with an upper-level low pressure system situated northwest of the storm.
The resulting vertical shear is the probable cause of the observed filling of the central
pressure to about 1015 mb. During this period, aircraft reconnaissance found that the storm
circulation at lower levels was poorly organized, and satellite imagery showed only
intermittent deep convection in the core region.

During August 21, the upper level low moved away from the storm, and Andrew was once
again in an environment with vertical shears favoring intensification. It also turned west
and accelerated to about 18 mph as high pressure north of the storm intensified,
strengthening the easterly flow within which Andrew was embedded. The storm then
followed an almost due westward track until it crossed Florida. Andrew rapidly deepened
and reached hurricane intensity by 8 AM EDT on August 22. By 2 PM EDT on August 23,
Andrew possessed a central pressure of 922 mb. It was at the upper end of category 4
strength (on the Saffir-Simpson scale) when its eye passed over the northern part of
Eleuthera Island in the Bahamas on August 23 and the southern Berry Islands on August
24. Extensive damage occurred in these regions. Eleuthera experienced a high-water level
(storm surge and waves) of 25 feet (ft) at the town of The Current.

Andrew weakened briefly on August 24, then rapidly reintensified. Once again, it deepened
to have a minimum central pressure of 922 mb as it crossed the coast near Homestead Air
Force Base (AFB), Florida, at 5:05 AM EDT, August 24. That pressure estimate was
substantiated by pressure readings from barometers near the landfall, several of which were
pressure chamber tested for accuracy following Andrew.

The storm was unusually compact. An aircraft penetration less than an hour before landfall
showed that hurricane-force winds were confined to a region approximately 30 nautical miles
(nm) in radius, with peak observed winds of 162 knots (kts) (186 mph) at a flight level of
10,000 ft (figure 2). The maximum sustained 1-minute surface (10-meter elevation) winds
over southern Florida were approximately 125 kts (144 mph).

The most severe damage occurred along the swath of the eye and in the surrounding eyewall.
Unofficial estimates of the pressure gradient in the eyewall on the north side of the storm
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Figure 2 — Winds and D-values (variations in the height of a constant
pressure surface, i.e., 700 mb) taken from the last aircraft pass, south to north,
through Hurricane Andrew before it made landfall in Florida.

4



indicate that it may have been as large as 10 mb per nm. This is indicative of the extreme
winds largely responsible for the tremendous damage.

Andrew was by far the most expensive natural disaster in United States history in terms of
property loss (approximately $25 billion). In defiance of the conventional wisdom on
hurricane effects in the United States, most of the damage was caused by the severe winds
rather than the storm surge. The damage in Louisiana was substantial, over $1 billion, with
about $300 million agricultural impact. The tornado at La Place was by far the most
damaging Andrew-related element to manmade structures in Louisiana.

Hurricane Andrew continued westward across the southern tip of the Florida peninsula and
exited on the west coast about 4 hours after it made landfall. The storm remained intense
as it crossed the Gulf of Mexico, with surface pressure filling only to about 950 mb. During
the 48 hours prior to landfall in Louisiana, two cycles of reintensification occurred, both the
result of interactions between high pressure to the northeast and a mid-latitude trough to the
northwest. As the high weakened, the influence of the mid-latitude trough became dominant.
Steering winds across the northern gulf were altered; Andrew turned to the west-northwest
and slowed its forward motion to 10 mph.

Andrew weakened prior to landfall, skirting Louisiana’s coastline for about 10 hours before
coming ashore near Point Chevreuil, about 20 nm west-southwest of Morgan City, Louisiana.
The storm made landfall at 4:30 AM EDT on August 26. With an estimated landfall central
pressure of 956 mb and sustained winds of 120 mph, Andrew struck the sparsely populated
portion of south-central Louisiana as a category 3 hurricane. It filled very rapidly, weakening
to tropical storm strength by early afternoon and to a depression by evening. On August 28,
the remnants of Andrew merged with a cold front and were no longer considered a tropical
weather system.

Wind Distribution

Intense, compact storms, such as Andrew, are infrequent but not rare. They are
characterized by extremely strong pressure gradients and resulting intense winds in and near
the eyewall. Figure 3a is a preliminary analysis of surface winds of Hurricane Andrew OVER
WATER near the time of landfall. The wind analyses at flight level were reconstructed from
available data sources and empirically adjusted to estimate surface values over water, using
correction factors appropriate for over-water conditions. Sustained winds over land are
typically weaker than surface winds over water, but surface winds over land tend to have
larger gust factors than over-water surface winds. Superimposed on the wind estimates of
figure 3a is a map of the region of southern Florida where Andrew made landfall, to give the
scale of the storm and of the likely regions of intense winds. Note that the strongest winds
were ahead and to the right side, with respect to storm motion, of the storm and, therefore,
approximately coincided with the regions of maximum damage discussed elsewhere in this
report. It is possible that the radius of maximum winds might have been a few miles smaller
at the surface than is shown in these analyses since the analyses do not take into account
outward sloping of the eyewall with height.

Figure 3b is a preliminary estimate of the over-water surface winds at the approximate time
that Andrew made landfall on the coast of Louisiana. A map of the region is overlaid for

5



NOAA Hurricane Research Division Surface Wind Analysis

Hurricane Andrew 0831 UTC 24 August, 1992, data from 0410 - 1300 UTC
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Figure 3a — Preliminary estimate of the surface winds OVER WATER just before Hurricane
Andrew made landfall in Florida. These winds are estimated empirically from flight level
analyses using correction factors appropriate for over-water conditions only. A map of
southern Florida is superimposed for reference. (M. Powell, personal communication)
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Hurricane Research Division Surface Wind Analysis

Hurricane Andrew 0624 August 26 1992
Data from 1700-0900 UTC Air Force Recon Adjusted empirically from 10,000 ft.
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Figure 3b — As in figure 3a but for landfall in Louisiana. (M. Powell, personal
communication)



scaling reference. Note that figures 3a and 3b are drawn on different scales. Once again, it
is emphasized that the wind values shown are not valid over land: hurricane surface winds
over land vary from those over water due to a variety of factors, including orography, surface
roughness, and stability of the boundary layer.

Hurricane-spawned Tornadoes

There were no confirmed sightings of tornadoes over either the Bahamas or Florida. A few
unconfirmed funnel clouds were reported in western Florida after sunrise. There were
14 confirmed tornadoes in association with Andrew’s landfall on the Louisiana coast,
including one that killed two persons at La Place, Louisiana. In Mississippi, 27 tornadoes
were confirmed, and at least two damage-producing tornadoes were confirmed over Alabama.
Damaging tornadoes in Georgia on August 27 and in Delaware and Maryland on August 27
and 28 may have been associated with the remnants of Andrew.

In south Louisiana, tornadoes ranged from F-0 to F-3 on the Fujita tornado intensity scale
(figure 4). A tornado of F-3 intensity touched down near the subdivision of Belle Pointe, near
the city of Reserve located in St. John the Baptist Parish. The tornado skipped along a 9-
to 10-mile path between Reserve and La Place on the evening of August 25. The best
estimate of tornado inflicted damage is in excess of $20 million. Table E.1, appendix E,
provides a breakdown of the tornado damage inflicted upon St. John the Baptist Parish.

MAX WINDS PATH LENGTH PATH WIDTH.
(MPH) (MI) (YDS) (MI)
F-0<73 PLO < 1.0 PW0<18 <.01
F-1 73-112 PL1 1.0-3.1 PW1 18-55 01-.03
F-2 113-157 PL2 3.2-9.9 PW2 56-175 .03-.09
F-3 158-206 PL310-31 PW3 176-556 .10-.29
F-4 207-260 PL4 32 - 99 PW4 557-1584 30-.90

Figure 4 — Fuyjita tornado intensity scale.



Rainfall and Flooding

The hydrologic impact of Hurricane Andrew, throughout the entire life of the system, was
generally minimal. While copious amounts of rain fell at some locations, there were no
reports of major flooding.

As Hurricane Andrew passed over the Bahamas and Florida, the storm was compact and
moved relatively rapidly. This movement limited the duration and amount of rainfall.
Heaviest observed rainfall in Florida occurred inland across northwestern Dade and
southwestern Broward Counties, where amounts ranged up to 8 inches (all rainfall amounts
are storm totals; see appendix A, tables A.1 and A.2, for rainfall observations). Virtually no
river flooding was reported across Florida in association with Andrew’s rains, mainly due to
the fact that the heaviest rains fell to the south and east of west-central Florida’s river basins
and instead occurred over the marshlands of the Everglades region. Some localized urban-
type flooding did occur at several locations across south Florida.

In Louisiana, Hurricane Andrew’s rainfall pattern was actually quite similar to past
hurricanes striking the central gulf coast region—that of Hurricane Betsy (Louisiana,
September 1965) and Hurricane Camille (Mississippi, August 1969). In the cases of
Hurricanes Betsy and Camille, the heaviest rains were generally along and to the east of the
paths of the hurricanes. Likewise, based on preliminary data, the heaviest rainfall associated
with Hurricane Andrew was also along and to the right of the path of the hurricane although
the rainfall pattern with Hurricane Andrew was somewhat more widespread than with Betsy
and Camille. Additionally, maximum observed rainfall amounts were also similar for all
three hurricanes. The maximum observed single rainfall from Hurricane Andrew occurred
at Hammond, Louisiana, located in Tangipahoa Parish in east-central Louisiana, where
11.92 inches fell (see appendix E, figure E.2, for Louisiana rainfall analysis). Also,
9.30 inches of rain was recorded near Sumrall, Mississippi, located in south-central
Mississippi, near Hattiesburg.

Still, despite the heavy rainfall, very little in the way of significant flooding developed in
Louisiana and surrounding states. This was primarily due to the fact that hydrologic
conditions prior to Hurricane Andrew’s arrival were quite dry. Most rivers were at their low,
mid-summer stages, and soils across much of the Lower Mississippi Valley were very dry.
As an indication of the dry conditions, several calculations were done at the NWS’s LMRFC
which compared the volume of rainfall with runoff passing forecast points in both Louisiana
and Mississippi. Those calculations indicated that only 25 percent or less of the volume of
rain that fell actually move into the rivers as runoff. The remaining 75 percent was absorbed
by dry soils or plants or it evaporated. Minor to moderate flooding did develop along portions
of several Louisiana and Mississippi rivers, including the Tangipahoa, Bogue, Tickfaw,
Tchefunta, Pearl, Little Tallahatchie and Tombigbee Rivers. The most spectacular river rise
occurred along the Tangipahoa River at Robert, Louisiana, where a rise of 11 feet in the river
stage occurred, resulting in a crest of 18.8 feet, or 3.8 feet above flood stage. This rise
resulted from a concentrated 8 to 11-inch rainfall associated with one of Andrew’s feeder
bands moving across the Tangipahoa Basin. The flooding inundated some river camps,
recreational areas, and adjacent flood plain farmland, but damages were generally minor.
In general, the flooding across Louisiana and Mississippi could be described as small stream
and urban type, causing the closure of some nearby roads. '



As the remnants of Hurricane Andrew continued inland and headed northeast, there was
considerable concern within the NWS that copious amounts of rainfall would be deposited
across portions of the Appalachians due to orographic effects. Similar situations have
occurred with other decaying tropical systems, including Camille (1969) and Agnes (1972),
the result being widespread and devastating flooding, coupled with deadly mudslides.
However, once the remnants of Hurricane Andrew made the turn towards the northeast, the
system again accelerated its forward motion, thus limiting the duration of and amount of
rainfall. The system tracked across the Tennessee River Valley, the southern and central
Appalachians, and then through the mid-Atlantic region. While moderate-to-heavy rainfall
amounts of generally 2 to 5-inches did fall, flooding was minimal and limited to stream and
urban-type flooding.

Along the entire length of the inland path of the remnants of Hurricane Andrew, NWS offices
were sufficiently prepared for a much larger hydrologic impact than actually occurred. NWS
offices were very aggressive in their treatment of the decaying tropical system and were very
cognizant of the potential for excessive rainfall and subsequent flooding.

Storm Surge

In Florida, Andrew caused a storm tide that reached a maximum of 16.9 feet a few miles
north of Homestead AFB, a record for storms in southeastern Florida. Fortunately, the
maximum surge hit a portion of the coastline not as heavily populated as numerous nearby
communities. Also, Cutler Ridge, a topographic rise of between 8 and 24 feet mean sea level
(MSL) caused by an ancient coral reef, blocked inland progression of the storm surge.

In Louisiana, the highest storm surge mark was recorded at Luke’s Landing along East Cote
Blanche Bay, where 8.2 feet was observed at a U.S. Army Corps of Engineers (USACE) water
level gauge. Several other gauges recorded surge heights over 6 feet during Andrew. Lake
Pontchartrain was raised to a level of approximately 4.5 feet NGVD (National Geodetic
Vertical Datum). Fortunately, these surge heights occurred shortly before the occurrence of
normal (astronomical) high tide. In the area impacted by Andrew, this would have added
about 1 foot to the observed readings. Tidal traces indicate that prior to Andrew’s landfall,
water was being forced away from the coastline by offshore winds, resulting in depressed
water levels (below MSL). As the eye passed and the winds shifted to onshore, water levels
rose rapidly and reached their observed peaks.

Impact on Fisheries and Wildlife

Louisiana’s legendary fisheries received a severe blow when Andrew slid along the Louisiana
coast before making landfall. While the numbers of marine fishes killed did not expect to
impact greatly the coastal recreational fishing, biologists estimate conservatively that the
coastal sports industry will have suffered a loss of $12 million during September and October
of 1992. Louisiana’s marine recreational fishing industry depends on the accessibility to
coastal waters and the availability of marine facilities. These have both suffered greatly due
to the effects of Andrew. (Specific details can be found in appendix E.)
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Impact on the Petroleum Industry

The petroleum industry plays a large role in the economy of Louisiana. The gulf coast from
Texas to Mississippi is dotted by numerous submerged wells and oil well structures
(platforms), including appurtenances, such as satellite wells and oil pipes. The largest
concentration of oil platforms, satellites, and drilling rigs are located off the Louisiana coast.
The total number of oil platforms and satellites is approximately 3,800, with about 150 oil
drilling rigs. These facilities are extremely vulnerable to hurricanes. Their destruction poses
a major threat to the ecology of the gulf.

Best estimates bring the total losses from the repair of damaged equipment, replacement of
equipment, and clean-up costs to exceed $250 million.

Commercial and Recreational Boating

In Florida, the ferocity of Andrew from Dinner Key to Coconut Grove south was such that
when boats landed they were sunk, holed, or left full of oil, mud, or seaweed. Estimates are
that one third of the 45,000 registered boats in Dade County, Florida, were damaged. Nearly
20 percent of these were total losses. Damage estimates to boats are as high as $250 million,
more than twice the dollar losses from Hurricanes Bob and Hugo combined, and could reach
$500 million. Hardest hit areas were Key Biscayne and Coral Gables. On Florida’s west
coast, minor damage was reported, except for two marinas on Marco Island that were hit
hard as Andrew exited into the gulf.

Andrew affected an unknown number of commercial ships, recreational vessels, and barges
throughout the Mississippi basin and the northern gulf coast. Documentation as provided
by U.S. Coast Guard, District Eight, revealed that a number of ships were lost, and rescue
efforts had to be conducted.

Louisiana fared much better than south Florida since Andrew missed the major boating areas
north and east of New Orleans. Many boat owners also had enough advance warning and
moved their vessels out of the path of the storm up into one of Louisiana’s many bayous,
where they had more protection. To date, no formal estimate of monetary loss has been
computed for commercial and recreational marine interests as the result of Hurricane
Andrew.
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A combination of hurricane-force winds and storm surge dragged this
sailboat well inland. This photo was taken south of Homestead AFB.
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PART I:
SOUTH FLORIDA



A piece of wind-driven plywood piercing the trunk of a royal palm near
Homestead, Florida.
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CHAPTER LA

BACKGROUND

Description of the Disaster Area

Florida is largely a lowland peninsula comprising 54,100 square miles of surface area
bounded on three sides by the Atlantic Ocean and the Gulf of Mexico. Numerous shallow
lakes account for approximately 4,400 square miles of additional inland water area. No point
in the state is more than 70 miles from salt water, and the highest natural land elevation is
only 345 feet above sea level. Elevations in south Florida are even lower; natural elevations
over 20 feet are rare. Coastal areas are low and flat and are indented by many small bays
and inlets. Countless barrier islands are scattered along Florida’s shoreline.

The region most affected by the passage of Hurricane Andrew was located in the extreme
southern section of the state. The counties most affected were Broward, Dade, Monroe, and
Collier. This "tip of Florida" includes the Everglades National Park, a sparsely populated
region to the southwest, and the more populated areas to the east. The chain of islands,
known as the Florida Keys, extends along the eastern seaboard from Miami southwest to Key
West. The four counties affected encompass the Florida Keys, the Everglades National Park,
the Big Cypress National Preserve, Biscayne National Park, John Pennekamp Coral Reef
State Park, Bill Baggs Cape Florida State Park, the Miccosukee Indian Reservation, a portion
of the Big Cypress Seminole Indian Reservation, and the cities of Naples, Fort Lauderdale,
Miami, Homestead, and Florida City.

Population

The State of Florida has experienced tremendous population growth over the past 4 decades.
With 12.9 million persons in the state in 1990, Florida has grown from the Nation’s 20th
most populated state in 1950 to the fourth most populated state. Dade County, where
Hurricane Andrew struck the hardest, is Florida’s most populated county. In 1980, the
population of Dade County exceeded that of sixteen states and the District of Columbia. The
sheer number of residents, coupled with the annual summer influx of tourists, enhance the
potential for disaster.

Climate

The climate of south Florida is characterized as subtropical marine in Broward, Collier, Dade,
and mainland Monroe Counties, and tropical maritime in the Keys. The region is strongly
influenced by the adjacent marine environment. The Florida current, which becomes the Gulf
Stream, affects the climate of the region. The Gulf Stream runs parallel to the east coast at
an average distance of 3 miles, helping to maintain the tropical and subtropical regimes.
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South Florida experiences two seasons—rainy from May to October and dry from November
to April. During the rainy season, precipitation averages 6.24 inches a month. The dry
season averages 1.97 inches a month. The rainy season coincides with the hurricane season.

Topography

The region is essentially a flat, low-lying limestone plain. Elevations are typically highest
along the coastal ridge, which extends in a north-south direction several miles inland from
the Atlantic Ocean and the Gulf of Mexico. The highest point in the region is 53 ft. above
MSL. To the west of the coastal ridge, elevations gradually decrease to just slightly above
sea level in the Everglades Basin. To the east of the ridge, elevations decrease as well,
sloping down gradually to Biscayne Bay and other estuaries. Because of its low elevations,
south Florida is particularly vulnerable to the hurricane threat.

The Intracoastal Waterway traverses the length of Dade and Broward Counties as a series
of bays and channels. A continuous series of barrier islands east of the Intracoastal
Waterway separates much of the mainland peninsula from the Atlantic Ocean. The coastal
barrier islands are typically long and narrow with low elevations. The Florida Keys are an
archipelago that sweeps for more than 100 miles in a southwesterly direction from Dade
County. The islands of the Keys are composed of fossilized coral and limestone foundations.
Elevations in the Florida Keys are rarely greater than 10 feet above MSL.

Hurricane Vulnerability

Hurricane activity in the southern peninsula of Florida has a long and varied history. Based
on information gathered from NHC, the first hurricane to affect this area this century was
a category 1, making landfall on September 11, 1903. In the intervening years, an additional
27 hurricanes have affected the south Florida region. Hurricane Andrew, the most costly of
all natural disasters in United States history (approximately $25 billion) is the 28th
hurricane.

While Hurricane Andrew has had a profound effect on south Florida, the same was said of
a number of past hurricanes. The hurricane of 1928, a category 4, made landfall around
Palm Beach and then moved across Lake Okeechobee, driving all the water to one side of the
lake. This, in combination with normal storm precipitation, resulted in flooding which took
1,836 lives. This 1928 hurricane is considered the most catastrophic for Florida in regard to
total lives lost. A dike was constructed around the lake as a result of this hurricane,
protecting nearby communities from all but the most intense hurricanes.

The Labor Day Hurricane of 1935, a category 5 that struck the Florida Keys, resulted in the
loss of 408 lives and $50 million in damage. The storm surge with that hurricane piled water
to a height of 20 feet in some portions of the Keys.

In September of 1960, Hurricane Donna crossed the Florida Keys and then moved

northeastward across the state from the Fort Myers area to near Daytona Beach. Although
not the deadliest, it is thought to be financially the most destructive hurricane ever
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experienced in south Florida prior to Andrew, causing an estimated $305 million in damages.
Donna claimed 13 lives in Florida.

The vulnerability of the state to hurricanes varies with the progress of the hurricane season.
Early and late in the season (June and October) hurricane activity predominates in the Gulf
of Mexico and the western Caribbean. Most of those systems that affect Florida approach the
state from the south or southwest, entering the Keys or along the west coast. Mid-season
(August and most of September) tropical cyclones normally approach the state from the east
or southeast.

Other relevant statistics which reflect Florida’s hurricane vulnerability and disaster history
have been collected by NHC.

More than one in three of this century’s major United States landfalling hurricanes,
those with winds above 110 mph (categories 3, 4, and 5), have struck Florida.

Florida’s hurricanes are among the most intense—of the 17 United States landfalling
category 4 and 5 hurricanes since 1900, 5 of the 7 most intense affected Florida.

September has been Florida’s cruelest month. Twenty-three storms, 41 percent of the
total Florida landfalls, have struck during the month. Fourteen struck during the
first 2 weeks of September alone. October trails with 17 landfalls. The Atlantic and
Gulf of Mexico reach their warmest temperatures during September and October,
providing more moisture and energy to power developing storms.

Nearly half of all Florida hurricanes this century have struck between 1920 and
1950. In the 1940s, Florida recorded ten hurricanes. The last major hurricane to
strike south Florida before Andrew was Hurricane Betsy—27 years ago. Only seven
have struck since 1970. The last, Hurricane Floyd, was a mild storm that struck the
Florida Keys in 1987,

The extent to which Florida coastal areas have been developed, coupled with the frequency
with which hurricanes have impacted, suggests that a disaster of unprecedented magnitude
was inevitable,
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Levitz furniture warehouse, west of Whispering Pines, Florida, shows extensive
wind damage.
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CHAPTER I.B
SUMMARY OF PREPAREDNESS ACTIONS

To assure timely and appropriate public response to hazardous weather events, a community-
wide hazardous weather preparedness program is necessary. Such a program requires years
to develop. Foundations of communication, understanding, education, and skills development
are necessary for interagency coordination. The focal point of that effort usually is the NWS
local office. The NWS office generally is the instigator of coordination and communication
among Federal, state, local, and volunteer organizations involved directly with distribution
and dissemination of weather information. The NWS is responsible for assuring that people
involved in that process, including the public, possess an appropriate knowledge of weather
hazards. To be successful, all involved agencies must provide continued support to the effort.
The following summarizes that level of involvement among the principal members of the
hazards community.

Weather Service Forecast Offices/Weather Service Offices
(WSFO/WSO0)

WSO Melbourne

The WCM at WSO Melbourne has spearheaded comprehensive preparedness and educational
programs with major emphasis on hurricanes and the modern technologies to deal with them.
These programs touched a wide variety of weather information users in the Melbourne area
of responsibility. For example, the WCM gave a hurricane awareness presentation to the
Annual Convention of Transportation Maintenance Engineers. In early June, he spoke at the
Daytona Beach Hurricane Conference attended by over 200 people. He also developed
customized hurricane scenarios for use in drills by county officials and water management
districts. Other preparedness activities included presentations or meetings with numerous
schools, aviation groups, a marine association, the American Red Cross, and many media
outlets.

WSO West Palm Beach

On the Thursday before Hurricane Andrew reached Florida, the WSO West Palm Beach
Meteorologist in Charge (MIC) gave a detailed hurricane preparedness presentation to
amateur radio operators and emergency managers from Palm Beach, St. Lucie, and Martin
Counties. A category 5 hurricane scenario was discussed. On August 10, a similar
presentation was given to emergency managers, the American Red Cross, and the Florida
Power and Light officials at Ft. Pierce. WSO West Palm Beach also worked with the Palm
Beach Emergency Operations Center at a preparedness meeting in May 1992, covering such
topics as storm surge, hurricane strike probabilities, and evacuation lead time related to
storm category. Earlier in the year, WSO West Palm Beach participated in hurricane drills
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coordinated by WSFO Miami. Finally, WSO West Palm Beach provided preparedness talks
at schools, local municipalities, agricultural and marine associations, civic groups, and
supplied radio/television interviews.

WSO Tampa Bay

WSO Tampa Bay maintained an aggressive hurricane preparedness program during 1992 for
their county warning area (CWA). That large area includes Fort Myers and the responsibility
for the old WSO Fort Myers CWA. During the winter of 1991-92, the WSO Tampa Bay MIC
attended three hurricane planning/preparedness sessions of the Southwest Florida Regional
Planning Council. On April 14, 1992, the MIC and his staff hosted a workshop at WSO
Tampa Bay for emergency management officials, representing Sarasota, Lee, and Charlotte
Counties, and a representative from WBBH-TV in Fort Myers, to explain the functions and
services of WSO Tampa Bay and WSO Fort Myers during hurricanes.

WSO Tampa Bay was involved in three meetings with area radio stations during the spring,
the purpose of which was to strengthen the Emergency Broadcast System (EBS). Five
meetings were held with amateur radio groups within WSO Tampa Bay’s CWA to coordinate
communications and train storm spotters.

A planning session for a newspaper hurricane supplement for the St. Petersburg Times was
attended by the WSO Tampa Bay MIC. In attendance were representatives from the
newspaper, the American Red Cross, the Florida Power Company, and Citrus, Hernando,
Pasco, Manatee, Pinellas, and Hillsborough Counties. Other activities included preparedness
talks to various business/civic groups and radio interviews.

On March 19, 1992, the MIC briefed the Manatee County Division of Public Safety on
hurricane preparedness. On April 7, 1992, the MIC and Lee County emergency management
officials gave a hurricane preparedness seminar to the Sanibel Island Condominium
Association. On April 20, 1992, the MIC briefed the USCG Search and Rescue Office on
NWR and provided them with a Bearcat Weather Radio. On May 21-22, 1992, the NOAA
WP-3 aircraft was used for a static display at Clearwater/St. Petersburg and
Sarasota/Bradenton airports. Over 700 people attended. On May 28, three hurricane
preparedness seminars were given in Charlotte County to over 1,600 new residents. On
June 4-5, 1992, the Florida Governor’s Hurricane Conference was held in Tampa. The Area
Manager and MICs from WSO Tallahassee, WSO Melbourne, and WSO Tampa Bay gave
presentations and answered questions on the WSO/WSFO role both now and in the future
in regards to hurricanes.

WSO Key West

The WSO Key West MIC performed several hurricane preparedness presentations in the
spring and summer of 1992. One such presentation was made to a local Catholic elementary
school and another was to the local public high school. Still another presentation was given
to 380 local Coast Guard personnel and their dependents.

Regular contacts were made between the WSO Key West MIC and the Monroe County

emergency management director during the summer updating of the county’s absolutely vital
hurricane evacuation plan.
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WSFO Miami

WSFO Miami complements the NHC preparedness program (see below) with additional
outreach activities and oversees the preparedness programs of the Florida WSOs. Finding
I.B.1: The NHC is charged with a national focus on hurricane readiness, but it
dominates the NWS hurricane preparedness program in south Florida. Dr. Sheets
and the WSFO have agreed that only one voice representing the NWS be utilized in
preparedness programs over south Florida. This assures that no mixed message is presented.
Very little media attention is given to the WSFO in a preparedness context; both print and
electronic media focus their attention on the NH